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Abstract 
The Indian government has provided large subsidies to stimulate the take-off of the cold storage 
sector. However, the impact of this policy is not well understood. In a case study of the potato 
sector in Bihar, we find that there have been dramatic increases and rapid up-scaling of cold 
storages, seemingly driven by these government subsidies among others. Wealthier farmers 
participate more directly and relatively more in cold storages, especially towards the 
commercialization of potatoes. Small farmers benefit relatively more indirectly, i.e. through the 
higher prices in the harvest period, as well through the cheaper storage of seed potatoes. 
However, more competition in the cold storage sector in Bihar is desirable as to drive down the 
relatively high cost of storage as well as to improve services delivery in input, output, and 
financial markets from these cold storages that especially the smaller farmers might benefit 
from.
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Executive Summary 
Primary surveys were fielded with producers, traders, cold storages, and retailers at the end of 
2009 on the rural-urban potato value chain in Bihar, more in particular from the disadvantaged 
districts part of the NAIP project (Vaishali and Samastipur) to urban consumers in Patna. The 
most salient findings are presented below. 
Upstream. First, potato production in Bihar is largely in the hands of smallholders: farmers from 
the smallest half of potato producers cultivate 0.5 acres of potato. This compares to 1.8 acres for 
farmers from the largest group. Second, farmers suffer from an important late blight disease 
problem. Actual potato yields in 2009 were two-thirds lower than the expected yields due to that 
disease. Despite the incidence of this disease, reported potato yields in the districts are as high as 
the national level, casting doubts on the national agricultural statistics in vogue which consider 
Bihar a lagging potato state. Third, farmers rely relatively little on seed markets and almost all 
farmers store their own seeds in cold storages. Only on 18% of the plots were purchased seeds 
used, indicating that seed replacement ratios are about 1 out of 5 years. However, larger farmers 
replace seed more often. Fourth, despite the low use of seed input markets, important changes 
have happened over time and the white potato variety has now become much more important 
than the traditional red variety that was usually grown. Especially the larger farmers have 
switched relatively more to the white variety. Fifth, larger farmers are able to obtain higher 
yields, possibly because of their more intense use of inputs. Sixth, 70% of the potato farmers are 
now empowered by a mobile phone. While some farmers use it to do market transactions, this is 
still only a minority (20%). Seventh, sales in the harvest season are almost all to a village broker 
while in the off-season, potatoes are mostly sold to traders at the cold storage. Wholesale market 
sales by the farmers are of less importance. Eight, an important reason why a number, and 
especially the smaller, farmers sell after harvest is the urgent need of money. Little credit or 
advances are used in market transactions and the major reason for the choice for a trader is when 
he pays immediately. Ninth, while almost all farmers participate in cold storages as to store their 
seeds, larger farmers store relatively much more for sale at an expected higher price in the off-
season.  
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Midstream.  First, an important boom in cold storage capacity - and thus in potato production - 
has happened in the two studied districts. The number of cold storages in the last decade doubled 
or tripled and rapid up-scaling of cold storages led to an even faster total capacity expansion, i.e. 
a triple and five-fold increase over the same period. Second, the boom is associated with 
increasing commercialization of potatoes from the two districts as the share of storage for seed 
potatoes is relatively on the decline. Third, several triggers explain the boom in this area. The 
rapid emergence of cold storage is linked with the better provision of public goods (such as 
roads, electricity, and governance), the deregulation of the cold storage sector, the investment 
subsidies given by national and state government, and the availability and spread of new 
technologies. Third, the rapid emergence and the up-scaling of cold storages are explained by 
important profit opportunities and high rates of returns to investments. However, cold storages 
charge prices that are significantly higher than those practiced in the neighboring state UP (1.5 
Rs/kg versus 0.9 Rs/kg) and charges are similar to those practiced in Bangladesh where no 
subsidies to cold storage investments exist and where input costs (e.g. electricity and diesel) are 
significantly higher. While the government subsidies might have helped the farmers to have 
more access to cold storages, the availability of subsidies has thus not brought down the effective 
price paid for storage by farmers, or traders. Fourth, cold storages are currently little involved in 
input and credit markets with farmers and despite linkages with the banking system, little credit 
flows down to the farmers directly. It seems that most of the advances given by the cold storages 
using potatoes as collateral are thus with traders. 
Downstream. First, Bihar is still relying on potato imports from other states, especially UP and 
West Bengal but also from the Punjab, to supply potatoes to their retail markets in the off-season. 
Second, consumers in Bihar prefer red over white potatoes and are willing to pay a price 
premium for that quality. Third, potato prices in 2009 were characterized by significant 
variability with retail prices in the off-season twice as high as on-season. While prices in the off-
season are always higher, the price hike this season was exceptional. Fourth, as the APMC has 
been repealed in Bihar, potato sales have moved away from auctions to direct on-on-one deals 
with traders. 
The value chain as a whole. First, wastage levels are estimated to be - and potentially have 
become - lower than most conventional estimates done before. The wastage level in the value 
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chain is evaluated at 8% in the harvest period and 9.3% in the off-season. While public policies 
have encouraged the setting up of cold storage to bring down wastage, this might however be 
only one factor in influencing overall wastage levels. Farmers are often making conscious 
choices on the wastage they will incur and varieties that show higher wastage levels might be 
preferred by some farmers (because of a preference of shorter-duration cultivation periods or of 
varieties with less dry matter and higher yields). Second, the cost of the cold storage in the final 
price contributes less than 10% of the final retail price paid off-season by consumers in Patna. 
The most important contributor to the final retail price in the off-season is a reward to storage, 
which account for 40% of the final retail price. Third, the farmers’ share in the final retail price is 
as high as two-thirds in the harvest period, much higher than conventional estimates. This 
however drops to one-third in the off-season, except for these farmers that are able to postpone 
sales through storage.  
Way forward. First, the study has shown the importance of appropriate policies as to stimulate 
the take-off of agricultural businesses in Bihar. These policies should focus foremost on the 
provision of public goods such as reliable electricity, road infrastructure, and good governance. 
Given the still existing large deficiencies, Bihar should make further investments in this area as 
to allow private business to further flourish and to allow farmers in these disadvantaged districts 
to become better integrated in the market economy. Second, policy makers should further 
stimulate increased investments in the cold storage sector, but not necessarily through subsidies. 
More competition in the cold storage sector is desirable as to drive down the cost of storage. The 
further spread of cold storages as intermediaries in the potato value chains might also open some 
important opportunities towards upgrading the potato value chains as cold storages can serve as 
focal points for the distribution of better seed varieties, extension advice, marketing advice, etc. 
This could especially benefit smaller farmers who, because of liquidity constraints, are less 
willing to sell after storage and benefit from the higher prices off-season. Third, Bihar might 
further be a good area for the cultivation of processing varieties given its unique agro-ecological 
potential for those. As it is one of the areas in India where the growing period is later and where 
the minimum temperature during the production period is relatively high, leading to the required 
higher production of dry matter, the region is better suited for processing varieties than most 
other states in India. Given its comparative advantage, it seems that the state could benefit from 
the increased presence of the private sector interested in the processing of such varieties. 
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However, some of the processing companies that are currently active in India are bringing in 
potato varieties (e.g. Lady Roseta, Atlantic) which might be prone to diseases that might be more 
difficult to control in the Indian setting. Close collaboration with local research stations as to 
introduce the most appropriate varieties seems thus called for. Fourth, our data illustrate the 
devastating effects that the late blight disease has in Bihar. The development and spread of better 
suited varieties by public or private research institutions seem thus of utmost importance. 
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1. Introduction 
Important changes are occurring in traditional agricultural value chains in several developing 
countries. These changes are noted upstream at the farm level, midstream with traders and 
processors, and downstream in retail markets, but the impacts of these changes are not well 
understood. Especially technology changes and innovations have been the driver for large 
productivity increases, and real price decreases, in agriculture over time. Most documented 
innovations have been linked to production technologies such as irrigation and improved seeds 
(e.g. Spielman and Pandy-Lorch, 2009; Evenson and Gollin, 2003). While innovations 
midstream and downstream in the value chain might also have significant impacts on agricultural 
performance and thus on producers and consumers alike, relatively little research has been done 
in this area. However, the subject is receiving more attention in recent literature, e.g. Swinnen 
(2007), Dries et al. (2009), Reardon et al. (2009).  
We present here the case of innovations and investments in post-harvest management and show 
how it is associated with important changes in the agricultural sector. More in particular, we 
document in this study the rapid emergence of cold storages in Bihar, an area characterized by a 
large number of smallholders. The number of cold storages increased in Bihar overall by 67% in 
the last decade. In the two disadvantaged districts that were studied, the number of cold storages 
in the last decade doubled or tripled and rapid up-scaling of cold storages led to an even faster 
total capacity expansion, i.e. a triple and five-fold increase over the same period. These cold 
storages are almost exclusively used for the storage of potato, the most important vegetable in 
India and in Asia more general. The effect of their emergence is not well understood and has led 
to charges of market power and price manipulation (e.g. Basu, 2010; Moazzem and Fujita, 
2004). 
To document the role that cold storages play, we rely on different sources of information. First, 
we conducted key informant interviews with several stakeholders in the value chain. Then, we 
implemented a detailed structured questionnaire with different players in the value chain 
including cold storage owners, producers, local collectors, wholesalers, and retailers. This gives 
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us unique - qualitative and quantitative - insights on the role that the cold storages play in the 
potato value chains.  
The spread of these cold storages in these districts has seemingly been driven by the improved 
provision of public goods (deregulation; road infrastructure; and governance), by the availability 
and spread of new technologies, as well as by significant subsidies by the government. The 
increasing spread of these cold storages is associated with increased de-seasonalization of potato 
consumption, disintermediation, and lower wastages. We thus show that market innovations, 
even in poor settings, can be important drivers for better agricultural performance. 
The contributions to the existing literature are several. First, while most of the debate on changes 
of value chains has focused on the increasing importance of modern retail (e.g. Reardon et al., 
2009; 2010) and the rise in the consumption of high-value crops (e.g. Delgado et al., 2008; 
Gulati et al, 200), we document here how traditional value chains are changing due to structural 
changes mid-stream. We show that these dramatic changes are even taken place in backward 
areas in India plagued with important governance and logistical constraints and where only 
smallholders are active. Second, we document the role of cold storages by relying on a 
conceptual framework that illustrate the impact on a potato economy, but we also show that the 
cold storages move sometimes beyond this traditional storage role. Third, we find that while 
almost all farmers participate in cold storages, larger farmers participate more towards storage 
for sale as to benefit from higher prices in the off-season. Smaller farmers benefit more indirectly 
from cold storages, because of the higher prices during the harvest period and the cheaper and 
more reliable storage of seed potatoes. 
The structure of the paper is as follows. A conceptual model is presented in Section 2. In Section 
3, we describe the area studies and the data collection methodology. Section 4 illustrates the 
expansion of the cold storages over time. In Section 5, we dwell on the triggers for the rapid 
diffusion of the cold storages. Section 6 then looks at the role of the cold storages, not only for 
storage behavior but also for the other services delivered. In Section 7, we document storage 
behavior of farmers, the cost of storage in the value chain and wastages. We finish with the 
conclusion in Section 8.    
2. Conceptual framework 
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To understand the influence of cold storages, we first present a conceptual framework, using a 
simplified partial equilibrium model, on their supposed effect on the potato economy. We rely, 
as a starting point, on the framework developed by Fuglie (1995). In a simplified two-period 
model, we compare the situation where no cold storage exists with two alternative scenarios 
where cold storages become available, one without and one with subsidies, and compare the 
effects of these on consumer and producer surplus. In an initial situation without storage options, 
no consumption is taking place in the second period and demand and supply equilibrate 
themselves at a low price pa  in period 1 (Figure 1).  
In a second scenario where cold storages become available at an unsubsidized rate, part of the 
production is stored and consumed in the second period. In this case, prices in the first period 
increase and equate themselves between the two periods, with the differential of the prices 
between the first and the second period reflecting the costs of storage c1 (including physical costs 
and opportunity costs of money). As illustrated on Figure 1, prices will equate in period 1 at p1 
and at (p1+c1) in period 2. A quantity q1 will be stored in cold storages. Potato production will go 
up compared to the ‘autarky’ situation and total production will increase to the level q10. 
In a third scenario, cold storages are subsidized. This leads to lower costs of storage, i.e. a 
reduction from c1 to c2. Compared to the unsubsidized situation, prices in the first period go up 
from p1 to p2 while quantities stored increase from q1 to q2. The producer surplus increases by the 
area dbp1p2 and total production expands to the level of q20. Because of the subsidy, consumers 
in the first period face a higher price p2 and reduce their consumption. Their consumer surplus is 
reduced by the area acp2p1 compared to the second scenario. However, as consumers in the 
second period now benefit from cheaper potatoes, their benefits increase by the area 
(p1+c1)(p2+c2)ij. The costs for the government are the subsidies for all stored potatoes, 
amounting to (c1-c2)*q2. This subsidy leads to dead-weight losses for the economy as a whole. 
The sizes of these efficiency losses are areas kij+ghl.  
The lower costs of cold storage would lead to changes in price levels, i.e. an upward pressure in 
the harvest period and a downward pressure in the off-season. It is interesting to note that 
contrary to conventional arguments, the increased presence of cold storage would in this 
simplified conceptual framework not lead to lower or higher price volatility, induced by 
production shortfall or oversupply, as would be depicted by a shift of the supply curve S1. Such a 
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shift would lead to equal absolute price changes, with or without the presence of cold storages. 
This is an important point for a sector where price volatility is often high, seemingly driven by 
cyclical price movements (because of Nerlovian arguments).        
While this simplified model gives us some useful insights on the economic impacts of cold 
storages, there are some obvious caveats to the partial equilibrium model, such as the lack of 
consideration for general equilibrium effects. We will also see later on that the effects of cold 
storages in practice can go beyond the storage function solely.  
Figure 1: Conceptual framework 
3. Case study area, data and methodology 
3.1. Background 
Potato is an important crop in India. India is ranked third in production in the world after China 
and Russia. Potato is estimated to be the largest vegetable crop counting for 23% of all area 
planted under vegetables (Kumar, 2009). Potato consumption is widespread in India and it is 
estimated that 92% of the people eat it (Das Gupta et al., 2010). Annual consumption was 
evaluated at 18 kgs per person per year in 2007 (Faostat). Das Gupta et al. (2010) report that 
potato processing is limited: the share of fresh potatoes in potato consumption is about 95% and 
the importance of processed potatoes (for chips, French fries, etc.) is still minor (5%).  
A major challenge in India is potato storage as potato production, that takes place in the cold 
months of October-November to February-March (about four-fifths of total production) is 
followed by hot summer months which makes refrigeration necessary for storage. Cold storage 
takes place on a large scale and it is estimated that there were about 3,400 cold storage facilities 
in the beginning of the 2000s in India that could store over ten million tons of potato (or about 
40% of the production) (CIP, 2006).1 CIP (2006) further estimates that approximately three-fifths 
                                                             
1 Cold storage is usually referred to as a refrigerated warehouse space as to preserve food products. Storage 
conditions and length of time in storage influence the quality of the products and their consequent susceptibility to 
handling.  By lowering the temperature during storage of food products, they can be stored for longer periods and 
can then marketed during periods of the year when no production is possible. Cold storage of table and seed potatoes 
is usually done at a temperature of 2-4 C. However, this temperature induces the conversion of starch to sugar, 
leading to the sweetening of potatoes that are less desired in the market place. Customers are thus usually willing to 
pay a premium for ‘fresh’ potatoes, potatoes that have not gone through cold storage. 
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of potatoes in cold storages are ware potatoes, intended for consumption, while the other two-
fifths are used for seed. Using average storage charges from our survey, it is estimated that 0.3 
billion USD is thus spent yearly by traders and farmers on storage for these potatoes in India, 
indicating the large size of this business. 
Bihar, the state where our study was done, is considered one of the lagging states in India. Its per 
capita income, at about 160$, is one of the lowest in India and its economic growth in the last 
decades has not kept pace with the rest of India (World Bank, 2005). Its performance seems to 
have improved in recent years and Bihar has registered between 2005 and 2010 one of the 
highest economic growth rates at the Indian state level. However, there remains discussion on 
what has been driving this growth (Nagara and Rahman, 2010). Given its bad economic 
performance over a long period, poverty levels in Bihar are high and about 37 million of its 90 
million people are estimated to be poor. Agriculture is a major economic sector in Bihar and it is 
estimated that about three-quarters of its workforce is employed in agriculture and that the 
agricultural sector makes up 35% of the state domestic product (World Bank, 2007).  
Although there are questions on the reliability of production statistics of potatoes, official 
production numbers of the National Horticulture Board (NHM) indicate that Bihar is the third 
biggest potato producing state in India, coming after Uttar Pradesh and West Bengal. In 2007-08, 
it is was estimated that the biggest producing state was Uttar Pradesh with a share of 32.2%, 
second was West Bengal with a share of 28.7%, and third was Bihar with a share of 19.1%, 
producing just above 6 million tons. The average yield in Bihar was evaluated in 2007-08 at 19.1 
tons per ha, equal to the Indian average.2 
In contrast with most other Indian states, red potatoes are preferred by consumers in Bihar and a 
price premium is paid for it. It is estimated at the state level that 60% and 40% of the potato 
production are respectively white and red-skinned. Currently no formal potato processing sector 
is present in Bihar. Different varieties are being cultivated in Bihar. Their adoption and dis-
adoption seem related to different important factors3: 1/ Resistance against the late blight disease. 
This important disease is leading to the increasing disadoption of the Kufri Senduri variety; 2/ 
                                                             
2 Agricultural Statistics at a Glance (2008) put the potato production and productivity in Bihar at seemingly 
unrealistically low levels, as confirmed by stakeholder interviews. These data are thus disregarded.  
3 Personal communications with Dr. R.P. Rai, Central Potato Research Station    
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Duration of the growing period. Varieties that grow for shorter periods (90 days instead of 120 
days) can be better intercropped with maize, which matures after the potato crop, after 6 months 
on average, and thus the land can be more intensively used. Shorter-duration varieties can also be 
sold earlier on the market and might thus fetch a premium because of that. On the other hand, 
shorter-duration varieties contain less dry matter, making it more prone to rotting; 3/ Trade-off 
between yields and dry matter. Lower yield varieties are often associated with higher dry matter, 
making it better suited for storage. The higher the dry matter, the lower the likelihood of rotting 
becomes.   
3.2. Data collection 
The surveys were implemented with funds from the National Agricultural Innovation Project 
(NAIP). One of the components of this project aimed to improve agricultural performance, and 
more particularly so in disadvantaged districts of India. Based on several indicators (agricultural 
productivity per worker, agricultural wage rates, and share of the scheduled caste/tribe in total 
population), 150 districts were thus assigned to the ‘disadvantaged district’ status by the 
Planning Commission of India. The NAIP project in Bihar had activities in four of these 
disadvantaged districts. The two districts where potato production was important, i.e. Vaishali 
and Samastipur, were subsequently selected to field the surveys. Different types of surveys were 
set up at the end of 2009 as to understand the role of cold storages, storage behavior of farmers, 
and the role of storage in potato marketing in Bihar. They included surveys with potato 
producers and a village survey, wholesale and retail trader surveys, and a cold storage survey.  
The trader survey was set up as follows. First, two village trader/collectors were interviewed that 
the households in that village sell to. Second, 30 traders were interviewed from the local 
wholesale market that the households in the villages sell to. Third, 20 urban wholesale traders 
and 10 retailers in Patna were interviewed. To implement the cold storage survey, a list of all the 
cold storages in the district of Samastipur/Vaishali was obtained from the Horticulture 
Department. A random selection of 25 was done and detailed surveys were conducted. For all 
cold storages that were not visited for a detailed survey, the date of establishment was collected 
through key informant interviews. This information allows us to analyze their emergence over 
time. 
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The village and household survey was set up as follows. For potato farm households, the most 
important potato producing tehsil in each of Vaishali and Samastipur was selected.  Given that 
Samastipur is a bigger potato producing area than Vaishali, more villages were selected in the 
former.4 In each selected village, a village questionnaire was implemented. In each selected 
village, a census of households was conducted to enumerate the potato producers. Using the 
census questionnaire, a list of all the households in the village has to be made. Each household 
will be asked questions on their total land cultivation and potato cultivation in particular and if 
they were a seller of potato. 18 households in 14 villages were then randomly selected in the 
village, half from the largest farm group and half of them from the smallest farm group as to 
reflect their importance in the potato value chain. 254 potato farm households were thus 
interviewed in total.  
3.3. Empirical strategy 
Building on the model developed by Fafchamps and Vargas-Hill (2005), we posit that a farmer 
will decide to put his potatoes that he wants to sell in storage when the expected price after 
storage is higher than the cost c that he will incur for that storage (physical costs as well as the 
opportunity costs of money). We define the pf  as the price that the farmer gets if produce is sold 
immediately after harvest and  E(pc) as the price obtained after storage. The farmer will chose to 
store produce if pf  < E(pc) – c. If the difference between the two is defined as D = E(pc) - c - pf , 
it follows that the bigger the D is for a household, the more likely it will be to forego immediate 
sales and sell later. 
To test such a model, a variable Y can be defined that reflects the timing of the sales decision, 
with Y=1 if sold after storage and Y=0 if sold immediately after harvest. Such a decision 
depends on a latent variable D*=D + µ (where µ is an error term). We would have M=1 if   D*≥0 
and M=0 otherwise. Factors that raise D, such as transactions costs - often linked to the size of 
the lot sold (e.g. Fafchamps and Vargas-Hill, 2005) - and opportunity costs of money – often 
                                                             
4 The sample in Samastipur was done as follows. In a tehsil, Gram Panchyats (GPs) were ranked from big, medium 
to low producing GPs (three terciles). 3 GPs was randomly selected from the big producing GPs, 1 GP will be 
selected from the medium producing GP, and 1 GP will be selected from the low producing GPs. In each selected 
GP, two villages will be selected at random. For the GP of the lowest producing tercile, only 1 village was selected. 
In Vaishali, the following strategy was used. Gram Panchyats (GPs) were ranked from big, medium to low 
producing GPs (three terciles). 1 GPs was randomly selected from the big producing GPs, 1 GP was randomly 
selected from the medium producing GP, and 1 GP was selected from the low producing GPs. In each selected GP, 
two villages were selected at random. For the GP of the lowest producing tercile, only 1 village was selected. 
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linked with the wealth of farmers leading to different time preferences (e.g. Pearce and Watford, 
1993) - make farmers more likely to sell after storage. Given the expected importance of the size 
of the lot and the wealth of the farmer in determining this choice, we will especially focus on 
these factors in the regression analysis. It is hypothesized that especially the wealth of the farmer 
is a significant determinant of the ability of farmers to be able and willing to postpone sales as it 
is an important indicator of people’s discount rates (e.g. O’Donoghue and Rabin, 1988; Pearce 
and Warford, 1993). Such a model can then empirically be estimated trough a probit regression. 
3.4. Descriptive statistics 
We first present some descriptive statistics on the different surveys implemented (Tables 1 and 
2). Given that the sample was divided between large and small farmers, most of the statistics at 
the farm level will be presented that way. The potato farmers in the survey are on average 55 
years old (Table 1a). They have a household of about 7.4 family members and 98% of the heads 
of households are reported to be male. 10% of the potato farming households are illiterate, 
significantly lower than the average at the state level as 53% of the population was estimated to 
be illiterate in the national census of 2001. This might indicate that these farmers are better 
endowed than other farmers in Bihar. The value of the land of these farmers – their most 
important asset – is estimated at 2.6 million Rs or 59,000 USD. The value of land assets owned 
by larger farmers is almost three times as high for the larger farmers than for the smaller ones.  
Potato farmers that were selected in these two districts are in general small, as they only 
cultivated 2.23 acres in total, of which 0.95 acres are allocated to potatoes. The smaller farmers 
cultivated 0.5 acres of potato while the larger group cultivates 1.82 acres, almost four times as 
much. An average potato farmer cultivates 3.2 potato plots. 90% of the cultivated potato land is 
owned by the farmer and 10% of the land is rented in. The share of rental land is much more 
important for the smaller farmer (16%) than for the larger ones (8%).  
A small farmer produced last year 2.2 tons of potatoes while a large farmer produced almost 12 
tons. The bottom of the Table 1a further shows that most of the produced potatoes are used 
towards sales, indicating the importance of potatoes as a cash crop for these households. About 
two-thirds of the potato production is estimated to be sold while 30% is kept towards seed use 
and own consumption. It is estimated that 5% of the production is wasted before, during, or after 
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storage. As could be expected, potato sales are estimated to be relatively much more important 
for the larger than the smaller farmers. 
Table 1a: Characteristics of potato farmers 
In Table 1b, input use and production statistics are presented at the plot level. An average plot is 
0.20 acres for the small farmer compared to 0.55 acres for the large one. The average production 
over the surveyed plots in 2009 was 10.9 tons acre for the large farmer and 9.0 tons per acre for 
the small farmer. On 81% of the plots own seeds of the farmers were used. Exchanged seeds 
from other farmers accounted for another 2%. Purchased seeds were applied on only 18% of the 
plots but they were much more used by larger farmers (23%) than by smaller ones. The data 
further show that almost all the farmers used chemical fertilizer and pesticides for their potato 
production. The most important expenditures were those done on compost/oilcakes and on 
chemical fertilizer, amounting to 4,476 and 6,472 Rs/acre respectively. Larger farmers spend 
significant more money on inputs than smaller ones, except for irrigation, possibly because they 
have better access to own irrigation facilities. 
Table 1b further shows the type of technologies that were used on the potato plots in 2009. 
Almost all farmers relied on tractor use on the plot. The widespread use of the tractors is 
seemingly in a significant way associated with the spread of potato in Bihar given the seeming 
difficulty of plowing by animal traction in the districts studied. Almost a quarter of the farmers 
also used a rotar vetter on their field. This was mostly done by larger farmers. The rotar vetter 
has also increasingly spread in recent years, presumably because of important subsidies by the 
government.   
While the small farmers were growing red potatoes on 41% of their fields, this was as low as 
28% for the large farmers. The most prevalent red variety in use was the Kufri 
Senduri/C1/C140/C40 variety (a long-duration variety, released in 1967 by ICAR). The most 
prevalent white variety in the two districts was Kufri Jyoti. Farmers were also asked on the type 
of shocks that they had in the last season on their plot. While few farmers complained about 
droughts, floods, or other weather shocks, the most common complaint was the problem of late 
blight. 58% and 31% of the farmers reported that the impact in the last production season was 
much worse or worse than expected. This disease probably explains the large gap between 
15 
 
expected and realized production in the previous year, as only two-thirds of the expected yield 
was achieved. This illustrates the important further role of research in the development of new 
varieties that are better resistant to this disease. 
Table 1b: Potato production in 2009, averages per plot 
Table 2 shows some statistics of the other agents that were interviewed in the value chain. 27 
cold storage owners, 65 wholesalers, and 164 retailers were interviewed in total. The results 
show the significantly larger capital that cold storages must have at their disposal. The value of a 
cold storage in the surveyed region amounts to about 1 million USD.  This compares to a value 
of assets (and working capital) of wholesalers and retailers of 1,250 USD (3,390 USD) and 190 
USD (430 USD) for wholesalers and retailers respectively. Of all agents in the value chain, the 
retailers seem to have least capital at their disposal for their business. The turnover of 
wholesalers is estimated to be almost five times as much as that of retailers, i.e. 635 and 130 kgs 
per day respectively. 
Table 2: Descriptive statistics agents value chain surveys 
4. The expansion of potato production and of cold storages 
Data from the village surveys show to what extent the value chain of potatoes has changed in the 
last ten years. Village leaders were asked to evaluate different indicators related to potato 
production and marketing in these 14 villages (Table 3). The number of households that are 
involved in potato production has increased significantly over the last year. The percentage of 
producers increased from 71 ten years ago to 83 in 2009. We also see a switch from red potato 
(55% and 38% of the total production ten years ago and now respectively) to white potato. The 
number of village traders also increased significantly over that period. While the median number 
of village traders was 2 in 1999, it increased to more than 5 in 2009. Finally, the estimated 
percentage of potato production going through cold storages increased from 39% in 1999 to 62% 
in 2009.     
Table 3: Evolution in potato production and marketing, as reported by village leaders 
Building on a list of cold storages distributed by the National Horticultural Board, we evaluated 
through key informant interviews, as well as formal surveys, the evolution in the number and the 
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capacity of cold storages. It is estimated that the number of cold storages in Bihar overall 
increased between 2000 and 2009 from 195 to 320, an increase of 64%.5 Figure 2 shows the 
expansion of such cold storages in the two districts. It shows that there were 20 cold storages in 
each of the districts. The graph shows how the growth of the cold storages has mostly happened 
in the last decade or even more recently. The district of Samastipur only had 10 cold storages in 
2005 but this doubled since then. Before 1998, there were only 4 cold storages in the district as a 
whole. The growth in Vaishali was much smoother as cold storages ‘only’ doubled in the last 
decade. 
 
Source: Authors’ calculations 
While the number of cold storages increased dramatically, these graphs do not take into 
consideration the increase in expansion of the existing cold storages. As we implemented a 
survey with these cold storages and questions were asked on their capacity expansion over time, 
this allows us to show complete capacity expansion in these two districts. The average capacity 
                                                             
5 Indiastat and personal communication, Bihar Horticultural Department 
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per cold storage was between 1,000 and 2,000 tons in the beginning of the seventies but at the 
time of the survey, this was as high as 5,142 tons in the district of Vaishali and 8,350 tons in the 
district of Samastipur. Combing the growth of capacity per cold storage with the total number of 
cold storages gives us the total cold storage capacity expansion in the two districts. As expected, 
the results (Figure 3) show an even more dramatic increase as in the previous graph. In the last 
decade, total cold storage capacity expanded almost three-fold in the case of Vaishali while it 
expanded more than five times in the case of Samastipur. Total cold storage capacity in 2009 
was just over 100,000 tons in Vaishali and about 170,000 tons in Samastipur. When all capacity 
of the cold storages would be used, this involves an approximate yearly business or revenue of 
just below 10 million $ in the two districts combined.6 
 
Source: Authors’ calculations 
                                                             
6 A charge per bag stored of 33.2 USD/ton, i.e. 75 Rs per bag of 50 kgs, would amount to 8.9 million tons of storage 
costs. 
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5. Triggers for the expansion 
Based on in-depth discussions with cold store owners, several factors were identified that 
contributed to the boom of cold storages in these disadvantaged districts. The three triggers relate 
to the provision of public goods by the state government, subsidies towards cold storage 
investments by the national and state governments, and the availability and spread of new 
technologies. 
The first trigger was a series of improvements in Bihar in the last decade in public good 
provision - creating a better business environment - that allowed the boom to happen. Three 
factors were crucial. First, deregulation of the sector seems to have given an important impetus. 
Key informants indicated that there were a few cold storages in both the districts in the period of 
1960s through 1980s but they were hardly sufficient to meet the demand, which often led to a 
scramble among the farmers for space in the cold storages.7 During the regulatory period, cold 
storages were supposed to be used only for seed potatoes. Each cold storage was assigned a 
certain number of blocks by the district horticulture department, with the number of blocks 
assigned to be determined by the capacity of the cold storage. Getting quota in the cold storage 
was an onerous task for a farmer in those days as he had to submit his land documents to the 
block officer who would verify his area of potato cultivation and then assign a certain quota, 
based on the seed requirement of the farmer.  
Before the deregulation period, Bihar had a separate Cold Storage Order, which was not 
governed by Central Cold Storage Order.8 However, one of the requirements to benefit from the 
national subsidy scheme provided by the National Horticulture Board (NHB) was to abolish this 
state Cold Storage Order. The state issued a new Cold Storage Act in the year 2003, though it 
had several flawed regulations including the fixing of the cold storage fees by the state 
government. The government of Mr. Nitish Kumar removed that clause from the Act in the year 
                                                             
7 Though Bihar was not regulated by the Cold Storage order 1964 promulgated by the Ministry of Agriculture under 
section 3 of the Essential Commodities Act (1955) the state had its own regulation with which it has persisted even 
after the Cold Storage Order was repealed by the Central Government in 1997. 
8 like the states of UP, Punjab and West Bengal. 
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2007 and left it to the cold storage association of each district to fix the storage fees before the 
beginning of each harvesting season.   
Second, Bihar has suffered from the lack of public infrastructure provision and has been ranked 
poorly with the rest of India on this. However, the government that came to power at the end of 
2005 in Bihar has made - and is further planning - significant investments in road infrastructure, 
improving the marketing of agricultural products from the more remote and disadvantaged 
districts. Making improved road infrastructure as one of its key priorities, it was planned that the 
government would spend more than 3 billion USD on road construction in three years 
(Government of Bihar, 2006). It has been estimated that between 2005 and 2009, 6,800 
kilometers of roads and 1,600 bridges have been constructed (ToI, 2010).  
Third, Bihar has been known for large governance issues and for a lack of law and order, 
discouraging businesses from locating in Bihar, especially so in rural areas (World Bank, 2005). 
This seemed to have changed in recent years with the new government and might have attracted 
new investments. For example, only 317 kidnappings for ransom were reported between 2006 
and 2009. This compares to 1,393 in the previous four (ToI, 2010). 
The second trigger was the doling out of subsidies by the Indian government in an effort to 
stimulate innovation in the horticultural sector. In its 1999-2000 budget, the Central Government 
proposed a subsidy scheme for the construction of cold storages. It is estimated that between 
1999/00 and January 2005 the National Horticultural Board provided financial support 
amounting to Rs 3.1 billion for the establishment of 1,242 cold storages in the country, covering 
23 states (Patnaik, 2005). This expanded cold storage capacity by 4.9 million mt nationally. Uttar 
Pradesh accounted for the largest share in terms of additional capacity created (2.2 million mt), 
number of facilities (464 cold storages), and subsidies (Rs1.4 billion). Maharashtra (216,000 mt) 
came second and Bihar (225,000 mt) third in additional capacity created. The cold storages in 
Bihar started receiving the subsidies only late compared to the rest of the country, due to the 
reluctance of the state government to change the Cold Storage Order. On top the subsidies of the 
center, the new state Government gave additional incentives that seemingly stimulated the rapid 
diffusion of cold storages. In addition to the 25 % subsidies given by the NHB, the state 
government reportedly gave another 15 % subsidies, including 10% by the State Industrial 
Promotion Board.  
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The third trigger was the availability and spread of new technologies. First, the introduction of 
high speed compressors in the cold storage operations in the beginning of the years 2000 meant 
that less time was required to bring down the temperature and that electricity consumption was 
significantly reduced, which according to some of the interviewed owners, led to a reduction of 
cost of operation by almost 20 to 30 %. Second, investments were done by the research and 
extension system as to improve the spread of potato varieties that were apt for storage given that 
the traditional red potato that was commonly grown in Bihar was much more difficult to store for 
longer periods than most varieties of white potato. 
Given the lack of exact data, it is an impossible task to unravel the exact contribution of each of 
these factors. To qualitatively get at the importance of some of the triggers for the boom, cold 
storages owners were asked to indicate what reasons they considered important for the most 
recent investments in their cold storages. We calculate simple percentage over cold storages and 
also present the numbers weighted by the size of the cold storages. The results are shown in 
Table 4.  
The results show that the subsidies that were provided by the government were seen as a very 
important trigger for the investments done. When given the choice between ‘very important’, 
‘less important’ and ‘not true’, 84% of the cold storage owners considered this a very important 
trigger. Cold storage owners were further asked on the importance of these subsidies. 78% of the 
cold storage owners declared to have received this subsidy. The majority of them (75%) declared 
to have received 25% subsidy for their investments while a quarter of them declared to have 
received more (between 30% and 35%). None seemed to have received the full subsidy, i.e. the 
25% provided by the center and 15% provided by the state. This might seemingly have been 
linked to the difficulty of having access to all these subsidies, given the bureaucratic hassle 
involved. Asked on other triggers for investments, the liberalization of the rates at the cold 
storages was viewed by 35% of the cold storage owners as a very important trigger for their 
investments. The importance of governance and road access was evaluated to be mostly ‘less 
important’. Having access to reliable electricity was not seen as a major reason for the 
investment.  
Table 4: Answers importance of triggers 
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6. Role of the cold storages 
6.1. Storage behavior 
The strong seasonality in potato production and sales in Bihar is illustrated in Figure 4. It 
illustrates how the number of bags stored in an average cold storage changed monthly over the 
12 months prior to the survey. Most of the bags are brought in during the month of March and 
April. They are then taken out during the months of September and October for use as seed 
potatoes or for sales in the market. Most of the cold storages close during the months of 
December and January. No sales are done during that period as the early harvest from other parts 
of the country (especially Punjab) is then coming in and putting downwards pressure on prices 
and making further storage unprofitable. 
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Cold storage owners were asked questions on the type of people that store potatoes in the cold 
storage. The numbers illustrate the large number of farmers that rely on them. It is estimated that 
about 2,245 people store potatoes in an average cold storage. 91% of the users of cold storages 
are farmers. An average cold storage contained in the last year almost 100,000 50 kg bags. Two-
thirds of the stored bags belonged to farmers. 31% of the bags belonged to traders, indicating that 
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the average quantity stored by traders is significantly higher than those stored by farmers: an 
average farmer would store 33 bags; this compares to 144 bags on average per trader. The 
number of bags stored by the cold storage owner himself is estimated to be significantly less 
important in total (0.3% of all the bags stored) but he would still be considered a big trader 
himself as he sells double the quantity of an average trader. 
Table 5: Characteristics of cold storages 
Storage behavior is changing quickly over time. First, we see an important process of up-scaling 
of these cold storages. While a cold storage was holding 4,200 tons at start-up (on average in 
1996), this had increased to 6,300 tons at the time of the survey. If a cold storage was started up 
before 2000, its storage capacity was on average only 3,600 tons. If started up after 2000, this 
was as high as 5,100 tons. Second, the type of potatoes that are stored has changed however. 
While more than two-thirds of all potato storage 10 years ago was towards seed potatoes, this has 
now been reduced to about half of the potatoes in storage. The other half of the potatoes are now 
stored towards sales as table varieties, indicating the increasing of commercialization of potato in 
the district. This increasing commercialization seems to lead to an increasing importance of the 
role of traders and cold storage owners over time in potato storage, e.g. while traders owned 8% 
of all stored potatoes in 1999, this share had increased to 16% in 2009.   
Table 6: Evolution in storage behavior over the last decade 
As the costs of storage have been liberalized in Bihar, all cold storages are allowed to set rates as 
they please. In the survey, we find that there is however only a small variation in the rates that 
are being applied to the farmers. Farmers are required to pay 82 Rs/bag on average (the median 
is 75 Rs/bag). Traders are usually given slightly lower rates, on average 5% lower. Interest rates 
are asked for from those farmers or traders that received input advances from the cold storages 
(see below). However, the rates asked for are low (4.2% interest rates over the period of storage). 
Further questions were asked on all costs for running the cold storages, as well as on investment 
costs. This information allows for the calculation of an internal rate of return (IRR) of these 
investments. It is estimated that the IRR amounts to 19% for the current capacity of the cold 
storage (at the time of the survey, cold storages were estimated to have used 92% of their 
capacity). Table 7 further shows the sensitivity of the investments with respect to capacity use as 
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the IRR drops quickly if cold storages are unable to fill up capacity. As profitability was 
calculated using unsubsidized investments, these profits are higher in reality for those cold 
storages that benefited from the government subsidy. The high capacity use during a year when 
production was bad, the relatively high prices charged (50% higher than in neighboring UP, 
possibly partly driven by the higher costs due to more unreliable electricity in Bihar, and the 
same as in Bangladesh where no investment subsidies are given) and the high profitability rates 
for these investments all point to a need for further needed investments in this area in Bihar as to 
ensure a more competitive environment that would further drive down prices.  
Table 7: Cost and profit analysis of cold storages 
6.2. Other services 
The emergence of the cold storages might have however not only implications on better storage 
conditions of the potatoes, seemingly leading to lower wastages overall in the value chain and 
de-seasonalization of the consumption over time. Given deregulation and the spatial spread of 
cold storages and the increasing completion between them, cold storages are seemingly 
becoming more involved in potato input and output markets and offering more services to 
farmers (Das Gupta et al., 2010).  
Cold storage owners were asked questions on the type of services that they provide to the 
farmers (Table 6). While some cold storages arrange access to potato seeds, chemicals and 
pesticides for some farmers, the importance of this service seems still very limited (8% of the 
cold storages). Few cold storages also provide advance payments before storage or extension 
services. However, the large majority of the cold storages (80%) report to provide credit to the 
users that store there, using the potato bags as collateral. It is estimated by the cold storage 
owners that they gave credit to 25% of the users of their cold storage. When taking into account 
the size of the cold storage, this percentage is as high as 29. The credit given per bag is uniform 
for all the cold storage in the sample and amounts to 50% of the value of a bag. Most storage 
owners reported that they have a link with a bank to provide for this credit.  
Cold storage owners are also involved in the output market linkages. More than half of the cold 
storage owners reported that they contacted buyers and arranged transactions with users of the 
cold storage on their behalf. It is estimated that in the cold storages where the owners did provide 
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these services, about 40% of the cold storage users would use these contacts. Most of the cold 
storage owners (93%) reported that they would not ask any commission for this. Half of the cold 
storages also offered grading and sorting services. Some of them were further involved in 
providing transport services from farm to cold storage (5%) and from cold storage to buyers 
(11%). These numbers thus illustrate that these cold storages provide services in the potato sector 
that go beyond the storage function, and but they seem to be doing this less than found in other 
states, possibly because of their relatively recent rise (Das Gupta et al., 2010).  
Table 8: Services provided by cold storages 
7. Cold storages and the potato value chain 
7.1. Farmers’ participation in cold storages 
Farmers in our survey were asked different questions with respect to changes in potato 
production and marketing in the last ten years (Table 9). Overall, we see that there has been a 
shift over time to the white potato variety. It was estimated to make up 58% of overall 
production in 1999 but this had increased in 69% at the time of the survey. While the bigger 
farmers started off with a lower share of red potatoes, they however have seen the biggest shift 
towards white potatoes over the last ten years (from 51% of production to 71% of the 
production). The reported yields of red as well as white potato had gone up over time. However, 
the reported current yield is highest for the white potatoes, especially so for the large farmers. 
We also note a small change in the type of varieties grown by farmers with especially a noted 
decline of the red – Rajender 1/2 variety. The biggest uptake over the years is seen for the white 
– Kufri Jyoti variety. 
Farmers were further asked on the dynamics in input markets as well as in storage behavior. The 
importance of other farmers as a source of potato seeds has gone down significantly over time.9 
While almost half (47%) of the farmers relied on them ten years ago, this had come down to 34% 
at the time of the survey. Most of the seeds for potatoes were obtained from wholesale market 
traders and private retailers. Cold storages were reported to be the main seed supplier for 8% of 
the farmers. When asked about changes with respect to cold storages, farmers reported that there 
                                                             
9 Potatoes are amenable to different viral diseases, leading to the degeneration of potato stock over time. It is thus 
important for farmers to regularly replace their seeds.  
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was now easier access to cold storages (from 88% of the farmers in 1999 to 98% in 2009). 
However, there is seemingly over time no change in their involvement in input markets. The 
biggest change is seen for some farmers who rely more on them to put them in contact with 
potential buyers (from 6% to 12%). 
Table 9: Perceived changes in potato production and marketing   
Detailed information was asked on farmers’ storage behavior in the year prior to the survey 
(Table 10). 92% of the farmers reported that they had stored potatoes in 2009. For those who did 
not store potatoes, they mostly reported that they could not store because they needed money 
urgently after the harvest. For those that stored, they reported to have done so because they 
expected the price of potatoes to rise (35%) or because they were storing for seed potatoes 
(62%). All the farmers that stored potatoes in 2009, used cold storages to do so and it thus seems 
that traditional storage schemes have disappeared over time.  
To understand the functioning of cold storages, questions were asked on the importance of 
reasons for choosing a cold storage. The most important reason why farmers choose a particular 
cold storage is linked to the distance to the cold storage as well as the quality of the cold storage. 
Access to input markets and financial services are judged to be less important. In the bottom of 
the Table, statistics are presented on the storage transactions in the year 2009. An average farmer 
would store 111 bags in cold storage. This would mostly be done in the month of March while 
the majority of the stored crop would be taken out in the month of October. Only a small 
minority of the farmers reported that they received inputs from the cold storage or that the cold 
storage owner put them in contact with a buyer. Most of the farmers stored for a combined 
reason of having access to seeds for the next harvest as well as sales in the off-season. 
 Table 10: Storage of potato farmers 
Table 11 reports the descriptives of marketing behavior of these potato farmers. Most of the 
transactions involve rather large quantities, of almost 5 tons on average (or half a truck). 41% of 
the sales are done after storage in cold storage, 2% after traditional storage and the rest was sold 
fresh. The larger farmers sell relatively more after cold storage. The buyer is in 50% of the cases 
a collector in the village. Interestingly, wholesalers on wholesale markets as direct buyers play a 
relatively minor role and only 5% of the farmers reported to directly sell to them. The lesser 
26 
 
importance of such wholesalers might be linked to the repeal of the APMC Act in Bihar, as the 
lesser importance of direct wholesalers is an important contrast with the marketing of produce in 
other states in India (Fachamps et al., 2005). Interestingly, most of the sales in off-season seem 
to be happening at the cold storage as 35% of the transactions were done with a trader at the cold 
storage.  
A major reason why farmers settle on a particular buyer is linked to immediate payments. 60% 
of the farmers give this as a major reason why they chose him. This is seen in the importance of 
cash and immediate payments as 97% of the transactions are paid for immediately and in cash. 
Only 20% settles on buyers because he gives him high prices. Most of the transactions concern 
non-seed potatoes. As found in the production pattern, most the transactions also involve white 
potatoes. There are seldom input advances given to farmers. Only in 1% of the cases did farmers 
report that input advances were given.  
An important change in the last decade is the emergence of the mobile phone in rural areas. 
However, it is often not well understood what the impact of this is on rural households. 70% of 
the potato farmers report to own a mobile phone, i.e. 88% of the large farmers and 61% of the 
smaller ones. This is a relatively recent phenomenon. About 60% of the farmers that owned a 
mobile phone reported to have owned it since 2006 or more recently. Farmers estimate that 11% 
of the cost of the phone is used towards the potato business and most of the phone use is thus 
towards other effects. About 20% of the farmers estimated that they contacted the buyer by 
phone in the last transaction. This was much more prevalent in the case of the large farmers than 
smaller ones. In the case that a phone was used, a price was agreed upon on the phone in 61% of 
the cases. This illustrates to what extent access to mobile phones might be changing rural 
marketing behavior in Bihar. This has also been shown in other settings (e.g. Jensen, 2007; Aker, 
2008; Labonne and Chase, 2009).   
Table 11: Marketing by potato farmers 
We further discuss the determinants of prices and different timings of sales. Figure 5 shows 
cumulative density functions for sales prices in the harvest period and after cold storage. They 
show that the prices after cold storage dominate the harvest period prices by a significant margin 
over the whole domain. 96% of the reported prices at the harvest period were below 7 Rs/kg 
while 99% of the sales prices after cold storage were above that level in the off-season period. 
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This shows the extent those farmers that were able to postpone sales benefited from doing so, as 
the benefits of doing so seemingly far outweighs the costs (the monetary cost of cold storage is 
about 1.5 Rs/kg).  
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As the timing of the sales might just be one factor among many that determine price setting, we 
present the results of a price regression with other potential determinants as explanatory 
variables in Table 12 as to better understand which other factors are potentially associated with 
price performance in this environment. The results show that especially those farmers that are 
able to postpone sales until after cold storage, are able to obtain a significantly better price than 
those than sell immediately after the harvest. Farmers that sell bigger quantities are also able to 
negotiate better prices. A doubling of the quantity sold leads to a significantly higher price of 18 
Rs per kg. None of the other included factors show a significant effect. 
Table 12: Price determinants  
To illustrate how farmers spread their sales over time and who benefits from these higher prices 
in the off-season, we present a graph on the importance of sales for small and large farmers over 
the course of the year, simply aggregating sales over our sample (Figure 6). About 55% of the 
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potatoes are sold fresh (defined as the period from February until June) and 45% of the sold 
potatoes have gone through cold storage (from July until November). Small as well as large 
farmers sell a significant portion of their potatoes fresh as well as after cold storage. However, 
the importance of the sales in off-season is relatively more important for the larger farmers. 
While the quantities sold in fresh and cold period are the same for the large households, small 
farmers sell half of quantity of the fresh period in the off-season.   
 
Given the importance of the timing of the sales for farmers’ income, we would like to understand 
better the determinants that are associated with sales after cold storage. To analyze this, we build 
on the methodologies used by Fafchamps and Hill-Vargas (2005) and Shilpi and Umali-
Deininger (2008). The dependent variable takes on a value of one if the farmer sold after cold 
storage and zero otherwise. We estimate probit models given the binary nature of our dependent 
variable. Standard errors are estimated after accounting for within cluster (village) correlations 
and possible heteroskedasticity. A district dummy is also included to control for possible 
location-wise unobserved heterogeneity.  
In the first regression reported in Table 13, we present the results of a standard probit regression. 
Two variables are included that are assumed to be linked with sales after storage, i.e. wealth 
(because of different time preferences) and the quantity sold (because of changes in transaction 
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costs).10 The results indicate that an increase of wealth of the farmer has an important significant 
effect on the timing of the sale. The quantity of the sale is not associated with the timing of sales. 
In a second regression, we control for possible omitted variables. In this specification, the wealth 
variable still stays largely significant. Another variable that comes out significant is the variable 
that measures if the head of household has access to a source of off-farm income. Those farmers 
that have such sources are more likely to postpone their sales. This might indicate that those 
households might be less driven by liquidity constraints to do their sales. None of the other 
variables are significant. 
As it can be argued that the quantity sold is endogenous to the time of sale (as stored produce is 
usually taken out at once, generating large quantities for sale), we instrument the quantity sold in 
the transaction by using the total quantity sold by the household as an instrument. This 
instrument is valid as shown by the significant results of an F-test at the bottom of the Table. We 
follow the approach suggested by Smith and Blundell (1986) and River and Voung (1988) and 
include the residual of the instrumenting regression in the second stage regression. The 
significance of the coefficient on the residual provides a test of the endogeneity of the quantity 
sold. In this specification, most of the determinants come out non-significant. However, the 
coefficient on the residual of the instrumenting regression is not significant indicating that we do 
not have an endogeneity problem in our specification. We thus proceed with un-instrumented 
specifications. 
In two further regressions, we interact the wealth of the household with the quantity sold. In this 
case, we find that the richer the households and the more he has to sell, the more likely he will 
postpone the sales of potatoes until after cold storage. These results hold even when we control 
for different other factors that might be related to the timing of the sales. Based on the 
descriptive as well as the regression analysis, we thus conclude that the wealthier farmers use 
cold storages significantly more as to capture the benefits of the price rise of potatoes in the off-
season.      
Table 13: Determinants of sales transactions after cold storage  
                                                             
10 If a farmer has only a small quantity to sell, he is less likely to bear the transactions costs to bring produce to the 
cold storage as these costs usually go up by unit the smaller the lot (Fafchamps and Vargas-Hill, 2006). 
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7.2. Cost of storage in the value chain 
Questions were asked on the price evolution over the last year at different points in the value 
chain (producers, cold storage owners, wholesalers in urban and rural areas, and urban retailers 
in Patna). This price information allows us to make deductions on the price composition and the 
importance of the size of the margins in the value chain. Figure 6 shows the (red) potato price 
evolution in the 12 months prior to the survey at each level of the value chain as calculated from 
recall questions from a representative number of interviews at each level. As commonly is the 
case, prices rise after the harvest period due to storage costs and the opportunity costs of money. 
In the 2008-2009 season, potato retail prices in Patna rose from a low of 7.5 Rs/kg during the 
month of March to a high of 15.3 Rs/kg during the period of September.  
 It is estimated that during the harvest period, the share of the producer in the two districts 
interviewed in the final consumer price in Patna was 68%. The cost of marketing a kg of potatoes 
from producers to urban consumers was about 2.4 Rs/kg during that period. However, the share 
of producers that were willing and able to store potatoes for sales increased to 82% of the final 
price by the month of September when most of the potatoes that were held in cold storages are 
taken out. This share is significantly higher than those conventionally found in horticultural 
value chains in India. This might reflect the better options that potato producers have as they are 
not obliged to sell immediately and this in contrast with other more perishable crops. Potatoes 
are also less perishable than most other fruits and vegetables.  
The results further show that the storage costs are only a minor cost in the potato value chain. 
The costs accounted for less than 10% of the final retail price that the consumer in Patna paid for 
the potatoes in the off-season. A big share in the final retail is explained by the rewards to 
storage, accounting for 40% of the final retail price. However, it is important to note that 2009 
was an exceptional year where potato prices were significantly higher than normal and thus the 
rewards are significantly inflated compared to a regular year. 
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7.3. Wastage in the value chain  
The conventional wisdom is that the traditional supply chain for staples in India is necessarily 
mired in high rates of wastage. For example, Mattoo et al. (2007) find that the average losses in 
horticulture overall and potato value chains are as high as 12% and 11% respectively. They also 
mention that “According to one study, India wastes more fruits and vegetables than those 
consumed in the UK” (ibid, p. 43). Others put wastage of horticulture crops between 20% and 
40% (CII/McKinsey, 1997; Mittal, 2007). In Bihar, the World Bank (2007) estimates the 
wastage in the potato value chain at 24%. In contrast with these studies, which rarely rely on 
primary surveys but mostly on key informant information, we find that wastage rates are 
significantly lower than previously assumed. It is also important to note that transport costs of 
about 100 Rs/ton from producers to wholesale markets in Patna are of minor importance in the 
final retail price, accounting for about 1% in the final retail price. While the relatively low costs 
of transport is known to some, the problem that is argued to exist is that the quality of tucks and 
services is poor and slow, leading to high wastages (Mattoo et al., 2007). This lower importance 
of wastage and transport costs that we find might be due to the development of better 
infrastructure (cold storage and road infrastructure) but might also reflect lack of evidence in 
other studies on the actual situation on the ground given lack of primary data. 
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Farmers were also asked on the responsibility on potential losses that might occur during storage.  
The majority of the farmers reported that they alone are responsibly, even when losses during 
storage would exceed 10%. However, in the latter case, 31% of farmers believe that the owner of 
the cold storage would somehow compensate them. Compared to traditional storage schemes, 
there is thus an insurance scheme provided by the cold storage that puts a floor under the losses 
that farmers would have to bear.  
To get at the level of wastages in potato value chains, we asked the different agents how much 
was wastage in storage, between the process of obtaining and selling potatoes, and during their 
last transaction when potatoes might have been transported. This should give us a reasonable 
approximation of the total waste in the value chain. In Bangladesh, we find that the total 
quantities of potatoes wasted, and not used for consumption, are equal to 8.0% in the harvest 
period and 9.3% in the off-season of all the quantities that enter the value chain (Table 12). Such 
a performance might even be better than developed countries, where quality and cosmetic criteria 
are more severe (Kader, 2005; Parfitt et al., 2010). While some have argued that the cuts in 
electricity leads to major losses for potato cold storage, in our surveys, all cold storages have 
diesel generators that keep the storages cool at times of electricity cuts, at admittedly higher 
costs. Because of the availability of cold storages, wastage levels seem to have come down as 
these wastage numbers are significantly lower than those done in previous estimates. 
Table 14: Wastage in the value chain 
8. Conclusions and policy implications 
We present here the case of innovations and investments in post-harvest management and show 
how it is associated with important changes in the agricultural sector. More in particular, we 
document in this study the rapid emergence of cold storages in poor disadvantaged districts in 
Bihar, an area characterized by a large number of smallholders. In the two disadvantaged 
districts that were studied, the number of cold storages in the last decade doubled or tripled and 
rapid up-scaling of cold storages led to an even faster total capacity expansion, i.e. a triple and 
five-fold increase over the same period.  
The spread of these cold storages in these districts has seemingly been driven by the improved 
provision of public goods (deregulation; road infrastructure; and governance), by the availability 
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and spread of new technologies, as well as by significant subsidies by the government. The 
increasing spread of these cold storages is associated with increased de-seasonalization of potato 
consumption, disintermediation, and lower wastages. We thus show that market innovations, 
even in poor settings, can be important drivers for better agricultural performance. 
While the small potato producers participate relatively less so for the storage of potatoes for sale, 
they also seem to have benefited from the diffusion processes of cold storages. First, small 
farmers that do not participate in cold storages can still gain from the existence of these. As 
prices are smoothened due to the availability of an extra marketing channel (the storage option), 
it can be expected that prices, on average, during the harvest period will be increased. For those 
farmers that sell directly after the harvest, they will benefit from these relatively higher prices. 
Second, the evidence in this paper shows that a large number of even relatively small farmers 
participate directly in the cold storages. Because of better storage conditions of their seeds, they 
benefit directly from the existence of these cold storages and from the existence of this extra 
market channel.  
The analysis thus illustrates how improvements in post-harvest management can have large 
impacts on value chains. However, as there was high capacity use during a year when potato 
production was bad, as the prices charged were still relatively high, and as there are high 
profitability rates for these investments, this all points to a need for further needed investments in 
this area in Bihar as to ensure a more competitive environment that would further drive down 
prices. While the subsidies that were given out by the government have helped to stimulate the 
setting up of cold storages in Bihar, it has however not (yet) led to the lower storage costs that 
one would expect.   
Finally, the results of our study point to several important policy implications. First, the study 
has shown the importance of appropriate policies as to stimulate the take-off of agricultural 
businesses in Bihar. These policies should focus foremost on the provision of public goods such 
as reliable electricity, road infrastructure, and good governance. Given the still existing large 
deficiencies, Bihar should make further investments in this area as to allow private business to 
further flourish and to allow farmers in these disadvantaged districts to become better integrated 
in the market economy. Second, policy makers should further stimulate increased investments in 
the cold storage sector, but not necessarily through subsidies. More competition in the cold 
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storage sector is desirable as to drive down the cost of storage. The further spread of cold 
storages as intermediaries in the potato value chains might also open some important 
opportunities towards upgrading the potato value chains as cold storages can serve as focal 
points for the distribution of better seed varieties, extension advice, marketing advice, etc. This 
could especially benefit smaller farmers who, because of liquidity constraints, are less willing to 
sell after storage and benefit from the higher prices off-season. Third, Bihar might further be a 
good area for the cultivation of processing varieties given its unique agro-ecological potential for 
those. As it is one of the areas in India where the growing period is later and where the minimum 
temperature during the production period is relatively high, leading to the required higher 
production of dry matter, the region is better suited for processing varieties than most other states 
in India. Cold storage investments would have to adjust to processing demands also though as 
processing varieties have different temperature requirements than table varieties. Given its 
comparative advantage, it seems that the state could benefit from the increased presence of the 
private sector interested in the processing of such varieties. However, some of the processing 
companies that are currently active in India are bringing in potato varieties (e.g. Lady Roseta, 
Atlantic) which might be prone to diseases that might be more difficult to control in the Indian 
setting. Close collaboration with local research stations as to introduce the most appropriate 
varieties seems thus called for. Fourth, our data illustrate the devastating effects that the late 
blight disease has in Bihar. The development and spread of better suited varieties by public or 
private research institutions seem thus of utmost importance. 
While we have only looked at the benefits of the improved storage possibilities for potato 
farmers and on the participation effect of different farmers to be involved in this storage scheme, 
we have shied away on the costs effect of the investment subsidy. In section 2, we have shown 
that the subsidies introduce dead-weight losses in the economy because production factors do not 
reflect their true costs. A proper economic cost – benefit analysis for such a policy intervention is 
however left for future research.  
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Table 1a: Characteristics of potato farmers 
Unit Mean Median Mean Median Mean Median
Number of observations Number 168 88 256
Background information household  
Age head of household Years 55 55 51 55 53 55
Household size Number 7.3 7.0 7.7 8.0 7.4 7.0
Gender of head of households % male 100 94 98
Il li terate heads of household % 13 5 10
Land and assets
Land owned and cultivated Acres 1.15 0.93 3.79 2.79 2.02 1.29
Land owned but cultivated by another household Acres 0.03 0.00 0.24 0.00 0.10 0.00
Rented in land or received for free Acres 0.21 0.00 0.20 0.00 0.21 0.00
Number of plots cultivated number 8.3 6.0 11.9 11.0 9.5 7.00
Value of land owned 1000 Rs 1,675 1,030 4,665 3,310 2,660 1,592
Value of livestock assets 1000 Rs 26 20 68 30 40 21
Value of farm assets 1000 Rs 14 6 117 23 47 13
Potato activities
Potato land:
Land owned and cultivated with potato Acres 0.42 0.34 1.72 1.36 0.85 0.55
Rented in land or received for free cultivated with potato Acres 0.08 0.00 0.14 0.00 0.10 0.00
Total  potato land cultivated Acres 0.50 0.34 1.86 1.36 0.95 0.55
Number of potato plots cultivated number 2.5 2.0 4.4 4.0 3.2 3.0
Was growing potatoes ten years ago % 85.1 91.7 87.3
Use of potato production:
- own consumption/seed use % 33 22 30
- wasted % 6 6 5
- sales % 61 72 65
- total % 100 100 100
Total  potato sales in 2009 ton 2.2 1.3 11.8 8.5 5.3 1.7
Small  Large Total
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Table 1b: Potato production in 2009, averages per plot
Unit Mean Median Mean Median Mean Median
Number of observations Number 409 240 649
Size and overall production
Size of the plot acres 0.20 0.16 0.55 0.47 0.33 0.22
production per plot tons 17.98 15.00 60.89 40.00 33.82 18.00
expected production (during cultivation) per plot tons 28.13 20.00 92.32 60.00 51.83 30.00
yield tons/acre 9.01 9.68 10.94 9.68 9.73 9.68
Input use
Own potato seeds used on plot share 0.83 0.78 0.81
Exchanged seeds used on plot share 0.02 0.03 0.02
Purchased seeds used on plot share 0.15 0.23 0.18
Total  expenditures on seeds Rs/acre 180 0 298 0 224 0
Chemical fertilizer used on plot share 1.00 0.99 1.00
Total  expenditures on chemical fertil izer Rs/acre 3803 3710 5624 4008 4476 3742
Pesticides-herbicides used on plot share 0.94 1.00 0.96
Total  expenditures on pesticides-herbicides Rs/acre 1770 1290 2108 1561 1895 1371
Total  expenditures on irrigation Rs/acre 1499 1129 1097 968 1350 1097
Total  expenditures on compost/oi lcakes Rs/acre 5205 5161 8631 6712 6472 5806
Technology adoption
Animal  traction used on plot share 0.05 0.03 0.04
Total  expenditures on animal traction Rs/acre 122 0 7 0 80 0
Tractor/harvester/tresher used on plot share 0.91 0.88 0.90
Total  expenditures on tractor/harvester/tresher Rs/acre 1925 1935 1843 1935 1894 1935
Rotar vetter used on plot share 0.18 0.33 0.23
Total  expenditures on rotar vetter Rs/acre 335 0 893 0 541 0
Variety use
- White - Kufri Jyoti % 30 35 32
- White - Kufri Pokhraj % 7 15 10
- White - TPS % 6 4 6
- White - Kufri Ashoka % 4 14 8
- White - other % 12 4 9
- Red - Kufri  Senduri/C1/C40/C140 % 33 22 29
- Red - other % 8 6 6
- Total % 100 100 100
Shocks in 2009
Incidence of late bl ight much worse than expected % 58 55 58
Incidence of late bl ight worse than expected % 32 30 31
Incidence of late bl ight normal or better than expected % 10 15 11
Floods normal % 100 100 100
Droughts normal % 98 100 99
Other weather shocks normal % 82 81 82
Small  Large Total
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Table 2: Descriptive statistics agents value chain surveys 
Unit Mean Median
Cold storage
Number of observations Number 27
Capacity of cold storage Tons 6,288 6,000
Value of cold storage 1000 USD 1,140 1,064
Wholesalers
Number of observations Number 65
Quanitities procured dai ly kgs/day 635 170
Value of assets 1000 USD 1.25 0.24
Working capital 1000 USD 3.39 1.94
Traditional retailers
Number of observations Number 164
Quanitities procured dai ly kgs/day 130
Value of assets 1000 Rs 8.6 1.3
Value of assets 1000 USD 0.19 0.03
Working capital 1000 Rs 19.3 10.0
Working capital 1000 USD 0.43 0.22  
Table 3: Changes in the potato economy, as reported by vil lage focus groups 
1999 2009
% of households growing potatoes Mean 71 83
Median 70 90
Of the potato grown in the vi llage,
- % white potato Mean 49 62
Median 35 60
- % red potato Mean 55 38
Median 70 40
Number of vi llage traders that buy up potato in the village itself Mean 10 14
Median 2 6
% of potatoes produced in vi llage that is stored in cold storage Mean 39 62
Median 27 67
% of answers
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Table 4: Importance of triggers for investments in cold storages, as reported by owners
Unit Very Less Not Total
important important true
"The governance in the state improved" Simple 0 58 42 100
Weighed 0 49 51 100
"Access to reliable electricity improved" Simple 8 27 65 100
Weighed 5 17 78 100
"Access to roads improved" Simple 13 79 8 100
Weighed 10 81 9 100
"Rates at cold storages were liberalized" Simple 35 61 4 100
Weighed 37 57 7 100
"Subsidies of the government were there" Simple 84 12 4 100
Weighed 84 11 6 100
Government subsidies for investments
% of cold storages that received % 78
If received subsidy, amount of subsidy received
-25% % 75
-30% % 13
-33% % 8
-35% % 4
Total % 100
% of answers
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Table 5: Characteristics of cold storages  
Mean Median
Number of observations 27
Overall information
Year of start-up 1996 1998
Storage capacity (in tons) 6,288 6,000
Storage capacity (in tons) at start-up 4,272 3,500
Storage capacity at start-up (in tons), if started up before 2000 3,672 3,000
Storage capacity at start-up (in tons), if started up after 2000 5,145 6,000
Current value of the cold storage
- mil lions of Rs 54 50
- mil lions of $ 1.1 1.1
People that store in cold storage
Number of farmers 2,034 1,600
Number of traders 211 50
Total number of people 2,245 1,800
Quantity of potatoes stored
Number of bags stored by farmers 66,308 54,000
Number of bags stored by traders 30,368 19,000
Number of bags stored by cold storage owner 326 0
Total number of bags stored 97,003 93,000  
Table 6: Evolution in storage behavior over the last decade
1999 2009 1999 2009
Use of potato
Seed potatoes (%) 67 52 70 53
Table varieties for sale on market (%) 33 47 30 46
Processing varieties (%)
Ownership of potatoes in cold storage
Owned by farmers (%) 89 73 90 74
Owned by traders (%) 9 19 8 16
Owned by cold storage owners (%) 2 9 2 11
*: weighed by size of the cold storage
Simple average Weighed average*
% of answers % of answers
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Table 7: Cost and profit analysis of cold storages
Unit Mean Median
Cost to farmer
Average charge per bag to farmers who store Rs/bag 82 75
Average charge per bag to traders who store Rs/bag 78 70
Average interest rate paid on advance % 4.2 2.0
Cost to cold storages
Labor costs
Permanent employees persons 11.7 10
Yearly costs of permanent employees 1000 Rs 502 480
Number of temporary employees man-months 157 131
Yearly costs of temporary employees 1000 Rs 1,028 905
Operating costs
Electricity 1000 Rs 2882 2000
Diesel 1000 Rs 972 500
Other 1000 Rs 580 357
Total 1000 Rs 4,434 2,857
Internal rate of return*
- at current capacity (92%) % 19.0 14.7
- at full  capacity (100%) % 21.2 16.5
- at 80% capacity % 15.6 11.9
- at 70% capacity % 12.8 9.6
*: using a charge of 80 Rs/bag for mean; 72.5 Rs/bag for median
investment values evaluated at 5000 Rs/ton (from key informant interviews)
no costs of providing access to input/output markets or financial services included
average storage capacity and costs numbers per those reported in tables  
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Table 8: Services provided by cold storages 
Unit Simple average Weighed average*
Cold storages that arrange farmers access to seed % yes 7 8
Cold storages that arrange farmers access to chemicals/pesticides % yes 8 8
Cold storages that provide agricultural extension services to farmers % yes 4 4
Cold storages that provide advance payments before storage % yes 5 6
Cold storages that provide advance payments after storage % yes 79 78
If yes, number of users that cold storages give advances to % 25 29
If yes, advance given per bag %/bag 50% 50%
% of bags that credit was given for (using bags as col lateral) % 29 32
If yes, to provide credit, do you have l inkage with Bank? % yes 83 84
Cold storages contact buyers and arrange transactions for storers % yes 56 51
If yes, number of users put in contact with buyers % 40 40
% of cold storages that charge commission for contacts with buyers % 7 8
Cold storages provide grading and sorting services % yes 50 52
Cold storages provide transport services from farm to cold storage % yes 5 5
Cold storages provide transport services from cold storage to buyer % yes 11 18
*: weighed by size of the cold storage  
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Table 9: Perceived changes in potato production and marketing, reported by farmers  
Unit 1999 2009 1999 2009 1999 2009
Dynamics in potato production:
Percentage of white potato % 61 68 51 71 58 69
Reported yield of white potato tons/acre 11.7 12.9 12.4 14.5 11.9 13.3
Reported yield of red potato tons/acre 10.3 13.0 11.6 13.2 10.8 13.1
Main variety grown:
- White - Kufri  Jyoti % 25 31 26 37 26 33
- White - Kufri  Pokhraj % 3 1 4 11 3 4
- White - TPS % 4 6 8 12 5 8
- White - other % 23 20 8 8 18 16
- Red - Rajender 1/2 % 13 1 9 2 12 1
- Red - Kufri Senduri/C1/C40/C140 % 24 34 36 26 27 32
- Red - other % 8 8 9 5 9 7
- total % 100 100 100 100 100 100
Dynamics in potato markets and storage
Main seed suppl ier:
- Wholesale market trader % 20 25 18 23 19 24
- Private retailer % 18 19 12 17 16 19
- Cold storage % 6 7 9 11 7 8
- Other farmer % 46 35 49 31 47 34
- Other % 11 13 12 19 11 15
- Total % 100 100 100 100 100 100
Easy access to cold storage % yes 85 98 94 99 88 98
Cold storage:
- provide input advances before storage % yes 6 0 8 8 7 2
- helps in extension advice % yes 4 1 3 3 3 2
- helps getting access to improved seed % yes 3 2 3 3 3 2
- extend loans with potato as collateral % yes 6 7 5 8 5 7
- puts you in contact with buyer % yes 6 12 6 13 6 12
Small Large Total
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Table 10: Storage by potato farmers
Unit Small Large Total
Storage behavior
Did store potatoes in 2009 % yes 91 94 92
If no storage, why not?
- I need the money urgently after harvest % 88 82 87
- I expected the price of potatoes to fall % 9 9 9
- Storing is costly % 2 9 4
- Total % 100 100 100
If storage, why?
- I need the money later in the year % 3 3 3
- I expect the price of potatoes to rise % 31 46 35
- I store for seed potatoes % 66 51 62
- Total 100 100 100
% of farmers that stored and that used cold storages in 2009 % 99 100 99
If use of cold storage
"Very important"  or "A bit important" reason for choosing a cold storage
- Low cost storage % 48 38 44
- Quality of storage % 92 90 91
- Distance to cold storage % 92 90 91
- Access to qual ity seeds % 44 43 43
- Access to extension advice % 26 14 22
- Access to chemicals % 20 18 19
- Access to input advances before storage % 15 10 14
- Credit given at time of storage % 24 21 23
- Finding a buyer % 27 22 26
Cold storage transactions in 2009
Quantity stored Bags 40 251 111
Month of deposit (% of farmers that deposited in March) % 71 82 75
Received input advances from cold storage % 1 4 2
Bought potato seeds through the cold storage % 1 3 2
Cold storage extended loan % 1 4 2
Month taken out (% of farmers that took bags out in October) % 58 66 60
Potatoes that were wasted during storage % 5.7 5.6 5.6
Major use of potatoes
- Own seeds % 36 25 32
- Own consumption % 0 0 0
- Sales % 6 8 7
- Combination % 58 67 61
Amount paid for storage Rs/bag 77 78 77
Cold storage put farmer in touch with buyer % 4 8 5  
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Table 11: Marketing by potato farmers (% of transactions)
Unit Small  Large Total
Quantity sold tons 2.37 7.99 4.88
Price Rs/kg 8.1 9.1 8.6
Timing of sales
- Fresh from field without drying % 56.2 42.3 50.0
- Without storage after drying % 5.9 8.9 7.3
- After traditional storage % 2.6 1.6 2.2
- In/after cold storage % 35.3 47.2 40.6
First buyer
- Trader col lector in vil lage (outside wholesale market) % 54.6 43.1 49.5
- Wholesaler on wholesale market % 1.3 8.9 4.7
- Cold storage owner % 0.0 4.9 2.2
- Trader at cold storage % 32.2 35.0 33.5
- Traditional  retailer % 9.2 7.3 8.4
- Consumer % 1.3 0.8 1.1
- Other % 1.3 0.0 0.7
Major reason for the choice of buyer
- He gives high prices % 15.0 26.0 19.9
- He accepts large quantities % 0.6 1.6 1.1
- He accepts small quantities % 2.6 0.0 1.4
- He gives advances when needed % 2.6 1.6 2.2
- He pays immediately % 68.0 51.2 60.5
- He is close by % 1.3 1.6 1.5
- No other option % 0.0 0.0 0.0
- Combination of the above % 9.9 18.0 13.4
Transaction time on location sale hours 1.2 1.9 1.5
Type of potato
- Seed potato % 9.0 20.0 14.0
- Non-seed potato % 91.0 80.0 86.0
Color potato
- Red % 39.0 23.0 32.0
- White % 61.0 77.0 68.0
Location of sale
- Farmer's field or village % 63.4 50.4 57.7
- Cold storage % 32.0 37.2 34.3
- Wholesale market + others % 4.6 12.4 8.0
% paid cash and immediately % 98.5 94.8 96.8
Input advances given % yes 1.0 2.0 1.0
% of farmers that own a cell  phone % 61 88 70
Year since they own phone  
- 2008 or later % 28 17 23
- 2006 or 2007 % 30 42 35
- 2004 or 2005 % 19 15 18
- before 2004 % 23 26 24
Of al l calls made, how many related to potato business % 8 13 11
Use of phone in last transaction 
Farmers who were in contact with buyer per phone % yes 9 37 19
If used, …
Famers agreed upon price on the phone % yes 56 64 61  
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Table 12: Price determinants
Dependent variable = Rs/kg* Coefficient t-value
Timing of sales
 - Fresh from field without drying (default)
 - Without storage after drying yes=1 -0.162 -0.470
- After traditional storage yes=1 3.639 5.240
- In/after cold storage yes=1 6.451 7.990
Seed potatoes yes=1 -0.467 -1.930
Sold to broker in vi llage yes=1 -0.412 -1.600
Quantity sold log() 0.178 2.400
Red potato yes=1 0.045 0.230
Sold to trader at cold storage yes=1 0.529 0.760
Sold at cold storage yes=1 1.107 1.620
% paid cash and immediately % 0.007 0.860
Intercept 4.631 3.980
Number of obs 269
F( 11, 14) 1206
Prob > F 0.00
R-squared 0.87
Root MSE 1.58
* standard errors estimated after accounting for within cluster(vi llage) correlations
district dummy included but not reported
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Table 13: Determinants of sales transaction after cold storage
Coeff z-value Coeff z-value Coeff z-value Coeff z-value Coeff z-value
Intercept* -0.235 -0.870 0.785 0.670 0.366 0.330 1.878 1.850 2.481 1.530
Wealth indicators
Area of land owned log() 0.216 2.800 0.179 1.980 0.089 0.880 -0.319 -1.420 -0.426 -1.610
Marketing costs
Quantity sold in quintals log() -0.126 -1.230 -0.152 -1.380 -0.001 -0.010 -0.829 -2.300 -0.915 -2.430
Travel time to nearest cold storage hours 0.062 1.750 0.045 1.130 0.065 1.890
Travel time to nearest wholesale market hours -0.003 -0.770 -0.001 -0.140 -0.002 -0.530
Socio-economic variables
Age of head of household years -0.036 -0.800 -0.028 -0.630 -0.017 -0.380
Age squared of head of household years 0.000 0.720 0.000 0.560 0.000 0.380
Household size number 0.111 0.720 0.119 0.800 0.130 0.760
Share of chi ldren in household share -0.453 -1.010 -0.323 -0.800 -0.298 -0.660
Share of elders in household share 0.285 0.420 0.312 0.480 0.444 0.570
Head of household is ill iterate yes=1 -0.230 -1.320 -0.211 -1.300 -0.363 -1.930
Head of household has off-farm income yes=1 0.288 2.240 0.280 2.170 0.221 1.890
Interaction term
Area of land owned*quantity sold 0.1705 2.270 0.1863 2.250
Residual  for quantity sold -0.1868 -1.060
Number of observations 269 261 261 269 261
Wald chi2 29.34 1587.69 667.06 31.72 1570.76
Prob>Chi2 0.00 0.00 0.00 0.00 0.00
Pseudo R2 0.04 0.06 0.06 0.06 0.08
F-test of significance of instruments in instrumenting regression 62.06
* standard errors estimated after accounting for within cluster(vil lage) correlations; district dummy included but not reported
Short Short
Without interaction With interaction
probit
Long
probitprobit
Long
probit
instrumented
probit
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Table 14: Wastages in the potato value chain
Unit Harvest Off-season
Wastages during marketing and storage
Producer before storage* % 2.4 2.4
Cold storage** % 0.0 1.3
Producer after storage* % 2.1 2.1
Rural  wholesaler***# % 0.7 0.7
Urban wholesaler*** % 0.4 0.4
Urban retailer*** % 2.4 2.4
Total  wastage post-harvest % 8.0 9.3
If potatoes damaged, who bears losses? If losses less than 10%?
- Myself % 97
- The owner of the cold storage % 2
- Joint responsibi lity % 1
If potatoes damaged, who bears losses? If losses more than 10%?
- Myself % 68
- The owner of the cold storage % 29
- Joint responsibi lity % 3
* wastage reported during marketing in last transaction
* from farmer surveys; cold storage only;
*** based on last transaction information
# average of off-market and on-market rural wholesaler  
